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PROBLEM TO BE SOLVED: To provide a quantum semiconductor device 
containing a quantum dot and showing a sharp energy spectrum corresponding to 
a quantum level. 

SOLUTION: A heteroepitaxial structure, with which a distortion system is formed 
on a substrate 1, is repeatedly deposited on a substrate 1 pinching an 
intermediate layer 3a, and a bunch of quantum dots 3b, which are in alignment in a 
vertical direction, are formed In that case, the thickness of the intermediate layer 
3a is fonmed substantially smaller than the Bohr radius in such a manner that a 
single quantum dot 3b is vertically formed by quantum- mechanically coupling of 
the above-mentioned bunch of aligned quantum dots 3b. 
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m^icmt 3 J: 0 ^)^KW^c/^3 c^/13 ^rWT S C 
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ic^K), *fcW^3«^4tcfB4SL/fcJ:^{c. llrtBfPaB 

•r^i»:^rai-^3©5*., i^-rtiti^—mE^om^^m 

mWL<omf- F F©#^ » I n A s J: «5 ?E *) . m^mWi 
'O^rnmoy^'j «G a a s J: O i^j: O , mtBSSfc©*PBlJl 
©S ^ « 3 n mt<T. 1 n mJ[y±©ffiH©» 3 ^WT S 
Ci?r!^m<!:-ri>S»*]«l-4©^>-i&. l^fnA^-iIIB 

*g©fi:T-¥^(*^gtc J; 13 . t.fcun^6 ictEmhfc 
J: ^ tC, mmm^(Dipmm(D&^ W, $^|2 ~ 3 n m©lE 

H©/i3 ?r^-r c i ^ii^mt ^ ^%mm 5 leisofi^ 

wm^^o^M^i^'j f-©#^»I nAs-fciDi^cO. tilfB 

«Sfc©f rae©S'!? {* I n p J: 0 0 . m^mm.o'pfs 

J1©S^«7. 6nm«T©J¥3**-r-SC:tiS:i^f|[i 
T^i«*:S 1 -4© ^ ^. Ci-rn*>— ^iB^£©JI^^*« 

ai!£!{©fi^F> h©&'»«A 1 S b, InSb, GaS 
b<fc«3S«*a, fufB«ia©cfK«©S'9»GaAsi:0 

1 i2tt©a^¥»f^S«: J: »3 . ^ 

QtclBtSLfcJz^lc, BUtaa^Om^F? h©-&<7«G 
a I nSb.fcO^cO, HUlB^^OcfrBlilOS^^tiGa S 
bj;0*?). H!iiB«^©4'raB©^^»4^^J1^5'fe(T 

©0 3 ^w-r 5 c i *«FSS[i-r ss«*]a 1 ~ 4 © ^ t . 

I »-rnA^-wie«{©a^^¥^<*^Sf<: . * /c «fi* 

II 1 0 (clBigb /c J: ^ (C. Bf(iB«*St©fi^ F F ©S 
« I n P <fc ») 0 . MiBtttft©«t»^®©S'9 I n G a 
Pi I? 0 , H>riBffi^©cfJFB^®©S^ tt5 n mOT©Jl 

ni}^-m§d.m(D&^mmw^m.i.c^ 0 . $ fc^ii^^ 1 

lK:gBtSb/cJ;^k:. l!riBaSS©cfraii©^*{cm» 

-c. ^^©fi^F-;'hw. mmr ?>^mm^o:))ttm-ri> 
1 - 1 0 © ^ , ut*n*^-JiiBi£©a^*m$|g{c 

J: »3 . t ?t fJfiJRiB 1 2 (Cf Btt L /c ct ^ CC , 

t ; |t(fB**{*»fel:(Ct$R343tl>rcm KDi^^y h'M 

t ; BMlBH 1 ©i-^ F®±(cjfJfiK3ti. fi^«^^^ 

tsm\mji : BiriBrgiisitaj^stifcigacd/^i' f 

Jli : BfilB^®*atg±Ccj^^3 H?ilElg 1 ©i?^ 

iFM^ftvxm 1 ©«mM©+ + ';r^B5iEr£t4Ji(ca 

AT^m 1 ©^ffii ; wmmzoi^'y v Ym±Kf^^^ 

n, |lJiB^2©i'7 f F@^r:/^L-C^2©^SS©+•f 
'J r ?:H5iBr§ttBtC^£ A-r Sl^ 2 ©m@i: J: 0 jS: -5,^*^^ 
f*^7lcilg{C*iti-C. HulBfi^tSi^li : BijlB^f*»« 

t^^m^nm 1 ©^3£^*«-r 5^ i ©*^i**s 
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Hi)f 21^ 1 te <t O'l^ 2 (O i' 5 5- F ^ «. t »-rtv fet5iB*ra lO 
F©^</tt. it_h©S^F-^ Fiit^CcSMUrc^^ 
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iB^IS©tt>^Jl©# <7 « 3 n mJWT. In mJ£Lh©teH 
©/?$?:*-r*C<t?:#gi<!:-r-&it*:®l 2~1 5©^ 

t^-rti*^— WiB*£©S^4^^f*^atcj:0, S/tW 
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*^2-3nm©iBH©J¥3?:^-r.SC<!:^!t$®<t-r 30 

III 8fcfet!iL'fcJ:^(c, BuiBSi!j©S^ Ff F©S^'f7 
» I n A s J: 9 ^tO . B^fetS!K©^'ra^©S<^^^ I n P 
cfc •) •) , mitBffl?fc©tt'ra@©i&^ tt 7 . 6 n mOT© 
/f§?r^-r^C t^1fil[fr.5i«*^l 2-1 5©^. 
^. C^fn*^— ^iB*S©S^¥^(*^g(cJ:f), 
if*:^l 9{cfB«l/fc<f:^{c. miiU^(Dm^h'v F© 
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-:^fB*g©S^^l*^gicJ:»5. S/c»i»#3l2 1 (c 
IBilUfcJ: ^K:. B«fB^S4©«^^ F- V F©S*W I n P 
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0, HifiBttSS[©i}3PBl®©-&^li5 nniJyT©i¥3**-r 50 
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^«GaAsJ:>)^cO> BflfBit'P^Jl©^^ « 3 n mJW 
T. 1 nmJy_h©®H©J135S:^S•■r■5Ci€:«Fg5[i-r■5 
l«*:52 3 S/ct3:2 4iatSOS^*^{*»g©Mil:7?ffi 
{CJ;f3, $fci*if^:B2 6tClB«gL/cJ;^«:. BufBtfr^ 
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-S-f^tiGaAs Jcf^^cO, mfie'fr^/l©^^ W 8 . 7n 
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« 2 4 fBig©a^^^«f*^KS©^:^r;S{c J: «3 . s/tti 
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[0 02 3] Il4i:»9. ^fSMS SiCOm^^ b n 

cost*. -entliii^^LJ^ct^ 

[0024] }^:x±<o^mt. m i cc^rsnM^Fitit 3 

*rHlS3 aOil^ti^i- yrOBo h r4^S (G 
aA srii 1 2 nm) i: D ^j^SW^C/Jn^ o^/c^?). TH 

©s-?^ K h 3 b ^ V T<omMmm\,:s:±m<Dm:^ 

K^;^ h3 bi^i^iiAU. S/^:-eo3l^^>K-e. TJIOST 
F !y K3 b i±/lCDa-? K h 3 b t<Dm^cmi^t)^6^ 

[0 02 5]— ^mm3 acom^-f)^^! OnmX'^ 
^it-^. 113^'2)l^t^E15CC^'r<fcO{C. S^K::^ 

3 b <h±]ScDS^ F h 3 b ^^camitLtj: < 
[0 0 2 6] ^6ctDt)J5>-2)J:^^c. ffl^coS^F-;^ h 
S^F^i' h 3b(D;^t?$«^0;*c*<«^<buri^^cl^ 

Jc-^^cmx.^. mi (A) - (D) mi<ommmT- 
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m) #.%n^*ro -rtjity"^^ mi (a) - (d) jssscc 

[0 02 7] 07 (A) - (D) ^#M-r^iC, S7 
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h 3 bQAFM^^S^To T^^rt^^. 08 (A) 
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(D) IM2tCfcCi'C. /?3d?:l OnmdCW^^Lfc 

[OO29]08(A)-(D) <fc9to*^^J:^W:. ?f5 
fSL^tl^m^h' y h3 bCD:^#?C*. a/i^D5ttfi*CC 

xms (D) (c^-ri omm(om—(OM^vy 
118 (A) ccTj^-ri/ia-cta;. jtifeofi^F-:^ f^:?^ 

P5]13a^llTTfi^^;b#fi53tcM^?:^(;/cig^. 
[OO3O)09{^. ^mm3 a(Dm^^2nmtLX 

fi^- F F 3 b ^ 5 mmm Ltct^^comm&i^mm 3 <o 

»Jffl§:;^t-KffiTEM^S. S/c^lO«. WolilSa 
0/S$^3 nmiUrS^F':^ h 3 b ^ 5 JiaJl LfciS 

[0 03 1 ] tfipB^H©/! S4i^SU/cM^ F v F 

>{)^i^^^^c^:*:sii*TS. ^:nccm\ a^F 

^F^:^/ FiiaS^tcMMLrc^^pJt^;^^*^. 
[0 0 3 2 ]$fc. 09. 1 0 J:Ot)^i>i^&C. ±;i 

OM^ F F 3 b ^J. ?ftj£-r -STIiOS^ F F 3 b 
%\^x. -n—om^x. ±TCc:^fJoru5cD:65to^i 

«2 nm^-cM^^ii-C*), ±TtcS^ijL/cM^ F F 

3btiSl>fc^^(cli'^^SCitiAj:<, SSItit^S 

? F F 3 b cm^imm b < ^ 0 /c^rii. 

ffi^fl:-^ F h 3 b tf^m±.<J:>m.^ F > h 3 b iitSCc^ 
li-^r. Tal^c 1 -'2JlT-®CD*rBl/13 a:^5#^ibri>. 
iPtP^^^f^m3 a(J:>b%mFt F h 3 b^.^5SB^CDSg 

B^i«3^«. F F 3 b (D^WnWmmz^hxm\^< 

M^mm-y^\^^cmmLfc^(DM^ f -^^ h 3 b t*. ^^^^ u 

T4>. ^5SbBgtcm-CDfi^ F F^ffJ^-r-S^^tDi^x. 
^n^, S/c. CCDJ:^J^cC*P^g3aCD$SS^@CD^L 
l^a?f^C0^m. iJfCDS^ F h 3 b iT/iOMT- F 
h3 aCD:^^3;&5. ^CcM.fcJ:'D(^cm^ hco^^^hti 

[ 0 0 3 3 ] 0 1 1(3:. H 1 CDS®S-^^ii3CC*5li 
50 X. wans a*5J:i>*M^F > h 3b^5jlffl®L/c1« 
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itccoii-c. 7 IK-ccoy :t hJl^^^y'^>:^ (PL) 

>^CDa^ K •> h 3 bCD;A:#2^C3^)>3CcOO«6o;^j:?$&^ 
[0 034] C:ntC>PtL, *Pa1g3 atecfcO'fiT-F*;' h 

v:7 h-r^^o cn^i. SB2n/ca^(OS^F > h3 b 

fiSL'ti>^ti:m^-r^i7^. *Pb1M3 aO[>/?3?:2 0 nm 

[0 03 5] — 01 n^:. ^fi^m 3 a CDJSS ^ 3 n 
m^^l.^fci2niii^rj^^3i±^i. PLb'-^j^s^A, 

relil 3 a CD/l^^. ^f^lST^fi-^F"^ F3 b(D]S$tc[5 

0. ±TCcajlLfcM^ F F 3 h\WK(Om^t>^mi^ 

[ 0 0 3 6 ] a 1 Zti. tfipBijaa acDiS§^3nm<t U 
/ciS^CDPL:^-:^? F^bct. fi-^F-y F 3 bOSSSfci 
CDK#^^-r. ^1 2^#.^.T^iC. ntjPa^/lSaCD;?? 
^3nm<*:L/cit^, 3Ih10^^-C. TrCC^^^Cct^l^ 
PLf-e?:^)^. j^^l. 13 e VtDa:4'>;l'+*&CteC:»rt#6 
n4<D)^?^^Dd^-S. fi®[Hl?K?:li'?>UT5|p|<bU/cJg^. 
PLt'-t$?^^?^tc]g<fd:*:). .±Dfgx^.;l'+7PJi. "T^c 

3 b^c<:fcO?f^iiS;$n'5ll^W^c^— oa^ F-:/ h©:?^^ 
[ 0 0 3 7 ] a 1 3 ^j. m\ cciK-rtSBs^^^it 3 tc4d 

S^F-;' h3b^.5jl«®U/ciS^tC-oCiT. f# 

6tl/cPL f-^^CD^fiilpi (FWHM : Full width at 
HalfMaximum) 4^PHlJi 3 aCD/13^ d CDM^<f: OT^ 
To 01 3 J:D^^>'E)i:5CC. P L f-^O^ffliH^it^ 
relJi 3 a CDS? 2 3 n mliaic L/c^^tC^/h^C^f 

0 . gttcc^y L/cfi^ F h 3 brBi^c^^:i:^cSi[j¥(7:)]^ 

113 a(D/PSJ5:SiSCC|»< LT 1 n mfigCCT^ fiu 

[0 03 8 ] «±cD*sm*^ii?>^i. sitc^-ran 

a-^^it 3 (C:|ol=^T 3 a <D/P $ F F 3 

ia:^fS]k:^?ijL/ca^ f>:/ h 3 bo:^^^7^5-iatcttd 
f^^mm-^tii. ccox^tm^. m^^v^vv^hto 
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,^>OAt3©ST-F-;' F^ffMTSCi^^rt-So 
[0 03 9] 01 S^Ft:* F3 b^rJtaT-SI^© 
SigSeitfen^S^F-;' h3 bCDSicO^i^^^ 
To 01 4?r#MT^^. JfJ^^n-SM^ F -;' h3b(7:) 

$/ccn(e:fi^o-cil3paJi±cr)S^F-> hSati* 
©SSi^t^ci^i^b-rSo T^cto^. STF-:' h3b*?& 
^T^I^^cDSSSiK^^Jffll-r^ C J; ^ . F F 
10 3b(D;^#3^>*^^e$ir0pIt&r*>'5>e 
[0 040] 

oi^T, umi^cmmth. 015(3:. ^mn(om\mjk 
HST^^c, mt^^^- F 2 0 ^i. (10 0) 

$n/cn^§2GaAsSffi2 li^cBfiSi^n. SulBGa 
A sStg2 l±CCA^agtC(i4 0 0~5 0 0 nmQJf § 

yV Tm2 2±.(iC. A§£W^Ct^3 0 0 nmCD/I^r?f^^ 
20 $n?cn^ MA 1 Ga A s Jz^i^cC^TfflJrJ'^ •> F/i2 3 
t . lulB ^ FJl 2 3 ±tC*iaW^{i 1 0 0 n 
$ tcJfMS n/c nMG a A s J: D ^Tffi'J^i^ 2 4 i 
?:#tfo 3?>6C. ^i£Ji2 4±^C(i. ail«^1Siga>- 
SP^r^^-r-S^F-^'GaA s®2 57&5^ 2 0 nmCDJl 

[0041]jl22--25{i. m^^tUBEmcX^. 

6 2 0" ccDSt^sg-cjf^^^ns. -ec^i^. «aL//c 

B;!)^e>cDAsCDgl)!ft^SS<'/ci«). :^*tf ^C^JSJ^;^^ 
I^CDA sEE^6 X 1 0-^T o r r ^CW^^t ^<Dfj^X\^>. 
30 ® 2 5 n/ct*. G a c?)«*&^SK U 

5 10" C^-CW^o $^tc. frlBS 1 0' 

A^Sr^AU. 1. 8^T;1^cd^^F--:7-1 n AsM^. 
mrieGa A s;i2 5_b6ciiS-r^„ ^^;?;^'E>iiSCc?I*j^ 

*igiHJL/ccl:^Cc. :tt«^n/cl nA s{3:, GaAsJl 
2 5±CC4oUt:. S305$\l2 Onm. ]S2;^?5$^5 n mCD. 
tBS:tcgfPBlL/?t)i!cSS2 6 h^^mth. 0 1 4#Mc 
[0 04 2 ] C(Dck ^^CUm 1 ilScD I n A s S2 6 
40 b?!?5jfj^^n/cfl. frjIEG a A s 112 5±^^i. BUiS 1 
n A sS2 6 b^m^cfc^Cc. m^ti^2--3 um(Oi)^Y 

t^iP^mmm^^. ;i§^52-3nmc7:)GaAsM 
2 6 act3CcS:65$^32 0 nm. ]g^^5$^2-'3 nmCDI n 

A s *^ F h 2 6 b t(^6^mi^tcm.i-n^mwhn^. 

fc \ n A s^2 6 bli'^^L. ^/^^^W^l® 2 6 a<Z>il 

[0043] $?>tc, SufBI n A sA2 6 bcD?fJj?K<hBU 
50 iBWBlli2 6 a<D*ia*m«4[5]^i3iIL/. 1 nA s 
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S2 6 b i}i±Ticm'iLfcmm&^m^z 6tK n i © 

[0 044] COJc^^c. ct3rag2 6 a©Jl$*5aSfiR 
ftUfcI n A sft2 6 b<D«$ i»)4>4^^t,^»/lS^^« ' 
^2 6 -Ctt> F h 2 6 b W, il±©giJ(DS^ F v 

F2 6 b iifiSiCgb-Ct^^^ffittAJ^,^. /cfc'L/. C 
CDti-^r-^) . ml- F 5» F 2 6 b iieicogijcrjfi^ F :y F 10 
2 6 b<i:!!»s^-^LTL-^e>Ci«i^<, »Jia^ttjt2 
6 ©aJl«i§«i»J^3 tii>. S/c. fi^=- F 5. F 2 6 b i 
iUz©SiJoa^ F F 2 6 b <b©P^tc 1 ~|ftM^ll©Cj 
a A s L T I ^ -5. aJt^tt <b * -5 . 

[ 0 0 4 5 ] s 1 ©i^Tfe^-r^t- F-cia:, 3 etcfijiaa 

)ia^«^ 2 6 ±«C^^ F- :7'G a A s Jl 2 7 TjsJiag 
n. p SJG a A s J: 0 ft -5±ffliJ^-«?e 2 8 *i J: 

i>'p * MA 1 G a A s J: •) hlMl^ v -j Fit 2 9 
-e-n-en l 2 0 nmtiJ:O'3 0 0 nm©;i3fc0^3 
n. ^6tcJ12 9±{cp' MGa As J:Cl^£-5=^^f y:?' 20 
/130;^s, 5 0 nm®J¥3{CffJ^$n-5. JS2 7~3 0 

[0 04 6] Se>(c, <l©J;^{cbrjeJiE3nfcSjliii 

mm^w^n^-c. fl(rieGaAs>'f2»7 7®2 2*ssai 

{C S i N^©SllJg 3 3 ^ Jf5^ b /d^. J'-vVymZZ 
±(cmffi 3 1 $ fcBU5B+ 1"-' 7"® 3 0 ±{cmffi 3 2 

[0047 ] ■h^iP^l^'im)^^'^ ■< - Ff S(,»(c 
fi^^;^#:WtC^-^U/c«^ F F 2 6 hifimE&mV-m 30 
ifttC^JU., 7 7 KtC*JI,»Tl^ 1 . 1 e V©igS©#^^ 
{C^I^^tIc;^-^^' Fr.'=&^02.. 01 6«. *^Hgcr)|| 
2^«|!!lK:j:^S®|%7feMb— !f F40©«fiK 

/cgp»tc>r^jt£-r •Sg|555'Jc{i|gl— ©#ffs^f -^^W U > 
'^*BS-r ^. . k u - tf i?' W :t - F 4 0 ©fli WMStJ . 
SI 5©4>©iSIM6<)«;|BlDr*-2)©-C=Si§-r-£>. 
[0 04 8 ] dl 6?:#^-r^{C. U-1f^-<^-F© 

-AR*5j^fi!43ti, ^<omm. m^mmm^m&zBit 40 

ittC^J L fca^^ F h 2 6 b tC J; 0 JFJItS 3 intcmtm 
t-U>F7fei^c^T BUlBfSSI^^ 5 ^ - A R A^Siy 
[0 04 9] $/c. llf7^«*l§T'£.A5. miHi'^-:/ Ffl 

3 1 ii%mmmt<ofSi<^mm?,^^i^imiy-ci>j^^.\ c 

ifiJ^'f^i— Fi^c-2.. HI 7tt. *#6B^©ll3^*fe{?itc 
J; S m%3feS b-lf^^-f^-FSO ©^fiS€:^-r IK® S 50 
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-c*s. /c/cL. mi 6*. ^t,cvmLfc§mici(i!i^-r 

[0 05 0] DifBt^U— Ifii^'-r:*— F5 OTW, m@ 
GaAs«24*5J:0*Ga AsJ128©f<;t>'3«:. Ga 

AsiA 1 Ga.Asi^(,cmmvi^-tori'fm-r 

^m24- , 2 8' m^m^n. J12 4" <5:il2 8' t 

8' ©ae^ji, ®2 4' ©aBisj:9fcii>!:c<-rs, 

[0 05 1 ] *^35:'2,<t)i)5ri*. SfiK:S?ijL./c:M^F y 
F 2 6 b K: <fc D Jf^^S il/c3flcta, mrf53fe?^t&if ^rS^CC 

t-u> F^i^c-^r. tffiagttP;5±)RAR*J^i^p.n 
rc=<^ 1- y y'm 3 0 ©±±s J; o aj«-r 

[005 2 ] 01 8«, *^BJ©||4||Sil?a«Cj:^RH 
ET6 0©«fi£?r^-r. Ml S ^^mtiyiC. RHET 
6 0 ¥fe«ttG a A s S«6 1 © (1 0 0 ) ffl±CC 
J^lS.$n. lyteSSe l±fCjJ$^3n/c#^F-:7"GaA 
s J:0^c^-'^f 7tB62<!:. f9fS-'-« f :7 r J16 2±{c 

±t,mfSi.s nta^ f - ^^a 1 g a a s j: 0 ^j: vrm 

[0 0 5 3 ] a Ui'rS^Be 4±iC{J, nMGaAsj;0 
ia:?.-^-XB6 5*5?fjg5$n. 3 ^{C'^-J^Jia 5±{C 
». F-:/A 1 A s J:0^c-5>'-?'JT®6 6, ^/rU 
t: . 0 UCin U i l^«^i:m^©WJlfi^1ti« 6 6 

^S®*^^*iit6 6«. ^^F-:7'I nA s^ftaJ;«3):c-S 
fi^=- F "-r F 6 6 b KrlBS^^ F s- F frS'i^F-T'A 
1 GaA stfipEgiie 6 a i J: 0 ^^{4J1?:^<3 jML/fi 
a bfclfj^^rW F F 6 6 b (iSfetcBSSiBJS 

[0 05 4] 3 p>i<cmmm-^mi^6 6±icw. y-y 

A \ As J:hrj:i,m(0/<'JTm6 6 ^ ^ffLX, n' M 
InGaAs(In = 0. 05)J:9)iSiS>:S?g6 
7*mfS.$tl. 3e.tcx= •'^5rJ16 7_hK:«n* ^Ga 
As j:i)^j:^^+-;'7*ll6 8*5?fJ^3n-5. $/c, fffge 
•<-XB6 5©— §|S(C{J, '^-JJ^mSe 5 A*5. */cBU 
iB+ -fr f 7"® 6 8 lC»i 5 3f 6 8 A*lJfJ^$ia 

[0 05 5 ] *^A^5.«JjX©RH E T-e«, ffii[7?l^(C^ 
?iJL//ca^ F F 6 6 b:!t)ia-^:^3^e^{C$£^UT^jafi^ 

(cm-©fflT F F =s:m^ritc!i). ^mf>cmi>^ f 

®6 5CCaA34l. §6tCnU47:5iJi6.3«:iiJiit--£> + 
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(0 056 ] a±o>&mMm'cisiBj^hfcmm&'f-m&i'C 

K 2 0 ■ ©«ii€r^-r. 3&>35>2>^jS-C(*. 
F h 2 6 bA5|4-^L.-t!K5aWtC#— F •;' F 
2 6b' *5jj$^gn.5*5, 35i*^^,gT- F F 2 6 b ' *5 

ns. *>*iaT--;u{i> mtisoo" c-ci^ratf lo 

C 0 0 5 7 ] 02 OK, *^?g<Dl^6^SSt?iJfCj:2.itl!i 

%#BS-^2>(^:, J^"* F ly^-}Vit^:t-~ F 7 0 .( 1 0 
0) ffi^rW-r-Sn* SGaAsK®7 1 ±tc1t)i)4$n. 
S«7 1 ±CCWjf 335^3 0 0 nm. + + U T^JStIi^B x 
lO^'cm-'cDn* SGa A s -j^ r 7 2 i, /SSA^ 
5nm©^tF-:7"GaAsX'^--tFJ17 3i, /1$*52 
nmcrj^f F-:/A 1 A sB7 4 tJCiS. JWycJfJJSSSn?.. 20 
3e.tC. BfriBA 1 A sll7 4±{C«, SK-^:-F(Cj;0 
Jf^fiK $ nit# F I n A s J: 0 "j: -5 W3 5 n m©)iS 
SA7 5 a4Jf §*53 nm©^^F-;7'GaA s4JraM7 

5 b tmibii.Mmm^ 7mmK>m Ltcmmm^m^ 7 

^mmti>mic, I nAs^SSa? 5 a»^JBL. 1«3 

ifitprsm7 5 b©;ps{c^swK^u<^c-s. js^js^ss 

HS^^Jg 75-r«, InAs^75a WgittcH^U 

Ff h7 5 A^fl$fiS-r-5, 30 
[0 058] C©<fc'5K:L-Cff^^3n/cSIBST-«l3t7 
5±tC«, §6«:;i$*5 2 nm©#^F-7"A 1 A sM7 
6*PSrrj5lJ©IW)S|!tcSM«^«^7 7;!)^?^^Sn5. 
^htrC, HlrfaS®S-?«it7 7±{C», IP$*i2nm© 
JglJ©^^ F-r'-A 1 A s)17 SisJ:UmS^i5 nm©#K 
-:7'Ga A s J: «3 ^c•5.:7^-<— tJ-Jl 7 9 35S)l|ii>jitffi§n, 
$6tc4^+ yTffiSAi2 X 1 0" cm-'©n* MGaA 
si:0^C'53>$i' FJB8 03&S. 5 0 nm©J?3K:it» 

[0059] c©j;^(co-cjfM$ titc^^wmmmm 40 

8 3 -^mBS. $ n -s. 5 e. . y ■»j-^ji©(fjMgi5cc « s i 

[0 060] 0 2 Hi, mzo(D^mv>^)v^'^*- 
b'a:)Wii'^'kmm-§ri>m-c&i>. 02 1 =sr#M-r^(c. m 

2 OKtj^U/cA 1 A sjg7 4. 7 6, 7 8*S^7->^' + 

;l"''< T^JfJfiXb, F F tijt 7 5.7 7 ©g- 1? 

tt, SJSit^ft*5.tCX]S;^©S!»S§tt,^(c*tlE-r^*I»©S 50 
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io 06 1 ] S2 1». 02O©«iitp(Da5@8 IfcJ: 

cx 8 2 tc e^mE V * EPini b /ct^iM^rn^ u -c fe 0 , c n 
(cfj^-,Tajis^^^3*7 5 ©asmiifc-ic/ajis^^ 

i*7 7©liWS(i^ai^{ijti5n* MGaA sJ17 2©7^;U 

r-K, GaAs;i7 2*^6^jg3nsmT-«. 

L. Ga A sJ18 OiCSM-r-S. CtliCl^L. 112 1© 

[0 06 2 ] H22«, m20(Oi^m\->^)V^'^:^- 

1^7 0<Dmrm^i7ik-§r. ^2 2*#M-r-2.K:. 
«@aTltii7 5. 7 7«, STF h 7 5 AicteWS 
+ 1- ';T©3>X7c&1t:iAtofC#l.\ -Sfi-^fStiLCcfcl^iT 

fFSStlSt^^^smSegtC-I^CIiCftS. C©?t 

si>. Sp.SF>^^jF5?'w^- F7 or«, a^^WiSiur 

02 2 (cfiS^-t?^ L/ 2 >^5n©+ -fr 'J C 

*5 ^, y - i^^^^mn^ic-iia icnct *;5Bl«g-c* 

■5. 

[ 0 0 6 3 ] S 2 3 A a®j6^«ig7 5 . 7 7 icte 
C^T, aSI^^B. *S8ljae?:5 l O- C. W^IJS7 5 

b©ilS?r2 nm£ L/cJ^©PL7.--i5' h-H^^rS^T. 
/cAfL, PL:^'<i' FJl/©i|iJ^(*7 7" Kicfcl^sr, A 

[0 0 6 4 ] 02 3 AJ:Ofc>*^?.J:^iC, A r !f© 
tti:^^it:^3-a-'5.i. 02 l tC^f:Ufci^;l'+'jgfi{C>^t 
ioUT^ x;^Jl.^^fi^J^c^rap@^<:M^/c^©PLt•-i7 

5. 7 7tC*itir, itS©fi5:5 2 5° C, tf^rad©/! 
$*3nm<!:L/fc«^©PLX-N.i7 F;U^^-r. v 
[0 0 6 5 ] 02 3 BtC*5l>T&, 02 3AilaI«^ca 
^©PLb--i'5^»5|ISiJStlS*5, t:--i7PBl|ii*502 3 A 
(Om^JzK) i>iPii-o-Cl>^Ctt)it)-fy^i., cnti. its 
?aK*5<fco'4jrBlil©/13, 3 6tctiailSfe^S^^.c:<t 
icj:i9, J^^3ti5SWa©rBlP5?:*iJ®f -SCi^ipI 

t^-Tib-sc i^^gWUTi^s. 0 2 0 ©nj^-piir'tt, 0 
2 1 B«c^-rJ:5tc. fi^»{4PBm^«Jb^^ (LO) 
*y>©x:^;V:^rh/2 7C ■ 6)i„{C^L< S:^br*-5 

-r-$)-2.. 

C 0 0 6 6 ] 0 2 4 «:#M-r .Stc. *^Bj©S||]5gfai{c 

^.tc. dMi^tKj^c#scciii^jf$i^©.Ks^a*i, m.^m 

© J: ^ 3 ^X7t:e^nc+ + 'J r©H DTt-^-&?K 
-C«. -©i|lfiiiB!fS-rS»f4©fPBlK:g^FSSn-5+i' 
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[0 06 7 ] :^mmx'it. M^mmi^mm(Dmi'^m&^ 
\^±^i^^tc^. M'f-miiLCDmm^. ^mwi^Fm^(fC^ 

[0 069)Fll^«. HI 5 0lf;iSCC*5C^r, i^^Pa1jl2 
6 a*Ga A s S/ciiA 1 Ga A s <b K h 2 

6b^I nAs^/cfcil nGaAs<bUr«>cJ:Ci. ^ 
/c. Wb^]12 6 a^Ga A s. A I G a A s ^/cti I n 
GaPtLt. ST-K*;^ h2 6b?: 1 n As. I n P. G 
aS bfeSlHJI nGaSb<bLrfeil=>„ 

[0 0 7 0 ] mm&'f- Ku.f26b*InAs ^ 

^:gt*3(c:fel,iTfi^ K>:^ h 2 6 b^i7. 6 nmOS^ 
^mb. tcfor. ct»PBlS2 6at3:7. 6nmWT©;i 

HUfBfi^ K-:/h26b?:AlSb. InSb. GaSb 
(Ol^'rtitf>J:K>mf&i^^mm2 a a^GaA s j^o^j^x 

•r^it^Ccti. fi-T- K •> h 2 6 b ^iSa^SR#.CC*5l^ 

(Omi-^hlK S«E>iC. iulBS^F-y h 2 6 b^Ga I 
nS b J:J9JfJ^LcfiPa1®2 6a^GaSbGaSbJ:«3 

^m-r^o^ibm^Li^K s/c« h 2 e b i n 

*PJ:0?B^O. Wb1@2 6 a^ I nGaP J:0?f>i5S^'S 
iS^s BUiBfi^ F h 2 6 b «S ft^SR^^ItCfcl^T 5 

[0 07 1 ] s/c. i^:j.±icmmi^tc^mimnc^i^^x . 
^mmcoi&mt. m^t<D^i^mm(orm^7%iTF(^c 

[0 072] 

imMcon^l m^m i s/c^^ i 2i^m(o^m(^c^ti 
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tui2miCD|gT-^SiJi^):ci»m2CD^^^^^iS 

2<D*#(*,1gH^j:D^f 0. ^^BtrlBcl3Pa^;itDj?$cc>t^i^; 

F-^ b;^^^5l^^cS^^:^^fl^j(cM^L. ^WCC#-<Da 

[0 07 3 ] ff*312'-l 0^/c(3:l 3 — 2 1 IBtgOl^ 

mjcntf. HUiBlti^cZ)cpP^jSCDS^<DJ?S^. is^ 
SU:^cig^(7>f[(iBa^ F -J Vcom^X 0 *>/h3 < 
^CitCcfcO. Til<Dfi^F^> h<h±ecDST-F'y hi 

20 :«?Hi « 1 n 1 jfjcs o . l /cs^ f h raos 

[0 074] 11, 22, 31 lBtEcD*^?gcDi^ 

gitcintf. BtriB^i5:(Z)^iFa^ii(0:g/7tc4Diir. s^co 

[0 0 7 5 ] ff*^2 3-3 2lBtgcD*^B«©?$mJ: 

Cc^^fjU. CDST y^vVt LTf^ffir^ST F F 
[0 2] SlCD^^^C:fel^T. ST F KDSia®^ 

40 tom^'kn^-rmx^h, 

[03] HKDlf^tCfel^T. a^F-^ h^SiSBlS 
<L ©Mf^ a r c 

[04] 01<7)ltJ?E^C*5U-C. fi^F*:; h Ogi ifir^jl 

<DJi $ t <om%^n<'tmx'$>i> , 

[0 5] 0 l(0^f^iC:fcl>T. a^F h^jgicfirB^B 
[0 6] ^l^ngtCcfc^MT-F-:^ h?r/T^T¥STEM^X 
[07] (A) (D) ii. 4^re1/lCD;i$^3nmchU 

50 tcm^ffC:^^^ h mmomii^w ^ a-?- f h a:id<j:c/s 
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[08} (A) ~ (D) W> *i'a)icr>j^3;&l Onmi 

(010] 4>r^Jl©Jf ? ?r 3 n m <t L-fclg^CS^ K 5- 

[012] Sit«:K3^iJ L/cS^ K •> h ©P L h 
[013] fia®©jl$tPL;^--ii' b;KOta$cDra0^ 
[0l"4] mmi^&tM'f-fv Hf-fX*sJ:y;Sg©M 

0r$>-s. 

[015] ^m^Bcom 1 ^M«a|K: J:-S^^*''f3j-- F© 

[016] :^^m<Dm2mmmtcj::^^mm±miy—*r 

^^-f^- K©#^?:^-r»?®0T*^. 20 
[017] *^BJ©ll3^SSWcJ:S®^3feSU-1f 

K©«^?:^-rW®0-C*^, 
[018] 3j:^BJ©|^4*»JfC<tSRHE T©1fjiK^ 

^■rWr[B0r-*-5, 

[019] :^mmo:>m5mmmicj:?>^^if^:t- k© 

[020] :^^s^<Dm 6 *J60S{C J: -Sitijg f. 

[02 1 ] 01 9©*qih>4^JU^-l'^- F©S6{WvS 
*5ftB^•r?.^^•> F«3»0-C*S. 30 

[0 2 2 ] 0 1 9©Jtii| h Zy^^jVif^ jT- FWftlf'^i^tt 
^S^-r0-ca6-5. * 
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[02 3] (A). (B) «itSS^*^A-CjfJfiSU/c 

3i©P L;^--id7 F;U5r7jx-r0-c*5. 
[02 4] *^B^©«m^«i»tctJi:f^iSiX©i!i@iK 

1 , 2 1. 6 1. 7 1 

2, 22. 6 2. 7 2 

3, 2 6, 6 6. 7 5. 
3a. 2 6a. 6 6a. 

2 6b. 26b' 

%*5«''f^-F 
2 9 i^'y-j FS 
2 8 ^ Jg^ 
.2 8' 

2 7 #F-^J1 

6 8 ^^-j y'm 

3 2, 8 1. 8 3 

iSM^MU-lf i^-f:*-- F 
ffi^MU— !f^f>f:i-- F 
RHET 

3 Ui'^'S® 
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^^F 
2 0 

2 3 
24 
24 
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3 0 
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4 0 

5 0 

6 0 
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6 3 A 
6 4 /N* I) TB 
6 5 ^-T.m 

6 5 A -^-XMS 
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6 8 A X 5 
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